in some instances, as indicated by the
presence of multiple budded colonies
which could not have stood erect inde-
pendently (Fig. 1A). It is probable that
growth in many instances was influenced
by the encroachment of sediment on the
colony surface, resulting in the concen-
tration of steeply grown and multiply
budded colonies in areas of relatively
rapid sedimentation. This relationship is
evidenced in Missouri, where steeply
grown and rejuvenescent forms prevail,
and the rock is characterized by an abun-
dance of poorly sorted clastic material,
indicating relatively rapid deposition.
Other variation in growth rate may have
resulted from seasonal changes, storm
turbulence, or other environmental pa-
rameters.

JoHN D. McLEoD
Department of Geology, Northern
Hlinois University, DeKalb, 60115
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Collagenase Immunolocalization in Cultures of Rheumatoid

Synovial Cells

Abstract. Cultures of rheumatoid synovial cells that have been enzymatically dis-
sociated and are adherent to a culture vessel are morphologically heterogeneous.
When these cells are cultured on a collagenous substrate for 2 to 6 days at 37°C in
serum-free medium, they produce collagenase. A monospecific antibody to human
collagenase has localized the enzyme extracellularly around cytoplasmic extensions
of dendritic cells and intracellularly within a few macrophage-like and fibroblast-like

cells.

Rheumatoid synovial collagenase is a
metallo-enzyme with basic charge prop-
erties and a molecular weight of 33,000
(I). The enzyme is inhibited by Ca?*-che-
lating agents, thiol reagents (2), and by
the serum components a,-macroglobulin
and Bj-anticollagenase (3). A mono-
specific immunoglobulin G (IgG) anti-
body to active human collagenase, pre-
pared in sheep (¢), has been used to iden-
tify the immunoreactive enzyme at the
cartilage-pannus junction in diseased ar-
ticular tissue (5). These studies con-
firmed the association of collagenase
with joint destruction in rheumatoid ar-
thritis in vivo (2, 6).

Rheumatoid synovial cells that have
been dissociated enzymatically from
synovial tissue and are adherent to cul-
ture vessel surfaces are heterogenous
(7). Included among these are cells that
morphologically resemble fibroblasts,
large rounded cells, and unusual ‘‘den-
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Fig. 1. Phase-contrast photomicrograph of

isolated adherent rheumatoid synovial cells
stained with toluidine blue. The dendritic cell,
characterized by branched cytoplasmic exten-
sions, contains many spherical phase-dense
cytoplasmic granules which, from Janus green
staining, indicate mitochondria (9). Bar repre-
sents 20 um.

dritic’’ or ‘‘stellate’’ cells with rounded-
up cytoplasm and long radial extensions.
These cells have a slow doubling time,
rarely reach confluence, and make little
lysozyme; however, they synthesize and
release collagenase in quantities up to
100-fold that reported for rabbit synovial
fibroblasts or stimulated macrophages
@).

A typical dendritic cell and two fibro-
blast-like cells, which comprise more
than 80 percent of the total cell popu-
lation of such preparations, are shown in
Fig. 1. Histological studies with Janus
green and toluidine blue have shown that
most of these dendritic cells contain
many dense bodies packed into the cell
processes, and have a stained appear-
ance similar to that of large mitochondria
(9). The failure of these dendritic cells to
phagocytize latex particles suggests that
they are functionally different from the
fibroblast- and macrophage-like cells
0).

Dissociated rheumatoid synovial cells
were dispersed in Dulbecco’s modified
Eagle’s medium (DMEM) with 10 per-
cent fetal calf serum, and grown on cov-
er slips coated with thin films of ther-
mally reconstituted collagen that were
dried at 37°C (7). After 24 hours, the cells
were washed free of serum-containing
culture medium, and the cultures were
continued in DMEM with 0.2 percent
lactalbumin hydrolysate. After an addi-
tional 48- or 72- hour incubation, the col-
lagen-coated cover slips were fixed for
30 seconds in 80 percent ethanol and
air-dried. Indirect immunofluorescence,
with monospecific sheep antibody to
synovial collagenase and fluorescein
isothiocyanate (FITC) labeled rabbit
antibody to sheep immunoglobulin G (5),
was used to localize collagenase in these
cultures (Fig. 2).

Immunoreactive collagenase was as-
sociated chiefly with dendritic cells. The
FITC fluorescence located the enzyme
around (and probably within) the cyto-
plasmic extensions, as if it had been
bound or trapped by the collagen sub-
stratum. However, only a proportion of
the dendritic cells were associated with
extracellular enzyme. Some fibroblast-
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like and macrophage-like cells showed
intense intracellular localization of col-
lagenase in the perinuclear region (10),
although no extracellular enzyme was
detected around them.

These data suggest that dendritic cells

in vitro are important collagenase-pro-
ducers, releasing enzyme in a form read-
ily detected by antibody. The finding of
only intracellular enzyme in fibroblast-
like cells suggests that, if these cells se-
crete enzyme, it is either nonimmuno-

Fig. 2. Immunohistochemical demonstration of collagenase produced by dendritic rheumatoid
synovial cells (X 900). The heterogeneous population of dissociated synovial cells, attached to
collagen-coated glass cover slips, were cultured in serum-free DMEM supplemented with 0.2
percent lactalbumin hydrolysate for 72 hours at 37°C (7). FITC-immunofivorescent studies with
monospecific antibody to synovial collagenase (5) showed extracellular localization of enzyme
associated only with the dendritic cells. Eriochrome black (Difco, 1:10 dilution, 1 minute at
21°C) was used to counterstain the cytoplasm to orange-red. (Top) Dendritic cell demonstrating
positive FITC-fluorescence. Note lack of immunoreactive enzyme in adjacent dendritic cells.
(Left center) Dendritic cell with extracellular enzyme associated with cytoplasmic extensions.
(Right center) Cells treated with nonimmune sheep immunoglobulin G as a control (5) and coun-
terstained with eriochrome black. (Bottom) Collagenase localized extracellularly around cyto-

plasmic extension of a dendritic cell.
774

reactive or does not bind to the under-
lying collagen.

Monolayer synovial cell cultures,
maintained in serum-free culture medi-
um supplemented with lactalbumin hy-
drolysate, produce collagenase in both
active and latent forms; however, the la-
tent form predominates during the first
few days of culture (7). Latent collagen-
ase from these cultures reacted with anti-
body to collagenase by immunodif-
fusion, but it produced a weaker precipi-
tin response than the equivalent amount
of activated enzyme (10). Previous stud-
ies (1) had indicated that the latent en-
zyme bound to collagen fibrils less than
half as well as did active enzyme at room
temperature. To compare immunofluo-
rescence of the two forms of collagen-
ase, 1.5 units per milliliter of active en-
zyme (1 unit degrades 1 ug collagen fi-
brils per minute at 37°C) was added for
10 minutes at 21°C to an untreated 8-um
cryostat section of synovial tissue. An
equivalent activity of the latent enzyme,
determined through activation, was add-
ed to a similar section for S hours. Sec-
tions were then washed briefly in DMEM
and were fixed with ethanol. Subsequent
antibody treatment showed little fluores-
cence in the latent enzyme-treated tissue
section, whereas intense fluorescence
was demonstrated in the sections treated
with active enzyme. This could be ex-
plained either by the failure of latent en-
zyme to bind the collagen of the tissue,
or by its poor immunoreactivity after
binding to collagen. These observations
supported the view that extracellular flu-
orescence in the synovial cell cultures
was due largely to active enzyme bound
to the collagen substratum. This is fur-
ther supported by the failure to detect
positive immunofluorescence during the
early stages of culture, even though con-
trol cultures showed the presence of la-
tent enzyme in the medium.

Recent studies have suggested that an
effective inhibitor of active collagenase
is produced by rheumatoid synovial cells
in culture (12). As with the enzyme-in-
hibitor complex found in cultures of vari-
ous rabbit tissues (13), an excess of in-
hibitor may be produced during the early
stages of culture; another possibility is
that different cells synthesize variable
amounts of active enzyme and inhibitor.

One interpretation of our observations
is that the dendritic cells produce great
quantities of active enzyme; during the
later stages of culture, there is more en-
zyme than free inhibitor produced by the
heterogenous cell population, and it ap-
pears as collagen-bound enzyme around
the site of secretion. Although the re-
striction of fluorescence to the close
proximity of the cells suggests a relative-
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ly temporary deposition rather than an
accumulation of enzyme over 2 or 3
days, it is unknown for how long the
immunoreactive enzyme has been pres-
ent in the observed locations.

These data suggest that collagenase is
released by the long dendritic processes
(Fig. 2), and that the large number of
dense bodies found in these extensions
(Fig. 1) may be related to enzyme stor-
age or release. Immuno-ultrastructural
studies may help to elucidate the mecha-
nism of collagenase secretion or exo-
cytosis in these cytoplasmic processes,
whether the perinuclear region of cells
demonstrating FITC-fluorescence repre-
sents Golgi apparatus, and how the en-
zyme is transported to the site of secre-
tion.

It is not known whether the dendritic
cell observed in vitro in monolayer cul-
tures has the same morphology in vivo,
or what the origin or distribution of this
cell is in rheumatoid synovial tissue. The
dendritic cells may be synovial cells
transformed in morphology and function
by components of chronic inflammation,
much as bone cells may be transformed
in vitro from a spherical to a stellate ap-
pearance by certain hormones and cyclic
nucleotides (/4). Since we now know
that collagenase is produced at sites of
cartilage resorption in vivo (5) and that
the dendritic cell has the ability to pro-
duce large quantities of this enzyme in
vitro, further studies on the role of this
cell in the pathophysiology of the rheu-
matoid joint are essential.
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Different Actions of Anticonvulsant and Anesthetic Barbiturates

Revealed by Use of Cultured Mammalian Neurons

Abstract. Barbiturate anesthetics, but not anticonvulsants, abolish the spontane-
ous activity of cultured spinal cord neurons; directly increase membrane con-
ductance, an effect which is suppressed by the y-aminobutyric acid (GABA) antago-
nists picrotoxin and penicillin; and are more potent than anticonvulsants in augment-
ing GABA and depressing glutamate responses. Barbiturate anticonvulsants abolish
picrotoxin-induced convulsive activity. These results indicate qualitative and quan-
titative differences between anesthetic and anticonvulsant barbiturates, which may

explain their different clinical effects.

Barbiturates are used therapeutically
for their varied pharmacological effects.
Phenobarbital is an effective anticon-
vulsant at clinical doses that produce
minimal sedation, while pentobarbital is
commonly used as an anesthetic because
of its dominant sedative action. Such dis-
parate pharmacological effects may re-
flect different mechanisms for attenuat-
ing central nervous system (CNS) ex-
citability, although such a comparative
study has not been performed. Pento-
barbital has multiple effects, including (i)
enhanced presynaptic inhibition of sen-
sory afferents (/), possibly mediated by
v-aminobutyric acid (GABA) (2); (ii)
depression of transmitter release at sen-
sory afferent synapses into the CNS
(3); (iii) enhanced transmitter release at
peripheral neuromuscular junctions ¢);
(iv) depression of excitatory synaptic
transmission at a variety of peripheral
and central synapses (5-7); (v) enhance-
ment of GABA-mediated postsynaptic
inhibition (7-10); and (vi) direct effects
on sensory afferents and spinal cord
neurons (/, 7, 9, 10) that are abolished
by the GABA antagonist picrotoxin
(1, 9). Thus, barbiturate anesthesia is
thought to result from the combined ef-
fect of enhanced inhibition and dimin-
ished excitation, producing a net de-
crease in neuronal excitability.

We have compared the actions of
anesthetic and anticonvulsant barbitu-
rates using a mammalian tissue culture
system. We have found that (i) anesthet-
ics, but not anticonvulsants, abolish all
spontaneous synaptic activity at thera-

peutic concentrations, and anticonvul-
sants abolish picrotoxin-induced parox-
ysmal events; (ii) anesthetics, but not
anticonvulsants, directly increase mem-
brane conductance, an effect which can
be antagonized by the GABA-specific
antagonists picrotoxin and penicillin (/1,
12); (iii) anesthetics, but not anticon-
vulsants, substantially prolong GABA
responses; and (iv) both classes of bar-
biturates enhance postsynaptic GABA
responses and antagonize postsynaptic
glutamate responses, although anesthet-
ics are two to three times more potent
than anticonvulsants. These results indi-
cate qualitative and quantitative differ-
ences in the pharmacological actions of
anticonvulsant and anesthetic barbitu-
rates, which may explain their different
clinical effects.

Spinal cords were dissected from 12-to
14-day-old mouse embryos, mechanical-
ly dissociated, and grown in tissue cul-
ture for 5 to 13 weeks before electro-
physiological study (I3). Recordings
were made on a modified stage of an in-
verted phase microscope. Large, multi-
polar spinal cord neurons were pene-
trated under direct vision with glass mi-
cropipettes (25 to 50 megohms filled with
4M potassium acetate or 3M KCI. The
legends to Figs. 1 and 2 contain addition-
al details of methodology.

Spontaneous activity in these cultures
(Fig. 1A1) was characterized by abun-
dant excitatory and inhibitory post-
synaptic potentials, random firing of ac-
tion potentials with varying frequency,
and occasional short duration (< 0.5 sec-
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